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Motivation ) e

This talk is on théools/workflow created under theCMD\SM verification
subtask which aims to create/enable a culturetekting/verification in the E3SM.

A Purpose of verificationinstill confidencen numerical simulations
U Demonstrate that simulations represent the intended mathematical
model rather thamumerical artifactsor coding bugs
U Test againsanalytic or trusted solutions
U Confirmconvergencef algorithms at theoretical rates

U Detect changes over timeggression
CANT YOU DO
A Status quo in (much of) E3SM -
U Verification & validation not sufficientlgistinguished
0 Mostly focus orvalidation (matching observations)

u
U Most developers deome verification

U Usuallylimited coverageand not formalized
U

U

1 Usually not isolated or localizedalwayscasebased

1 Not preservedo re-confirm correctness after modifications




Our efforts under CMD$M ) i

A Work with model developers tdefine/formulate appropriate
verification (unit and unitlike) testsfor their models

A Create workflowand corresponding infrastructurdor Jenkins
performing verification and presenting verification results
U cmdwtest-runner. pythonbased tool for running CDRN,  reousmpencn
verification tests. ol

U cron/Jenkins tools for automating running of tests
nightly, weekly, etc.
U CDashweb-based software server for displaying/storing
testing results.
U Jupyter(notebooks): tool for writing documentation for .A.
verification tests and pogbrocessing results.
jupyter

A Createconcrete demonstrationsf the above testing/

documentation infrastructuren MAM and CLUBB, Ocean O
Mixing, etc.
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Verification test formulation )t

A Formulating a verification test can present a numbecludillenges

U Requireanterest/involvementfrom component developers.
U Requires knowledge athat is in the code.
U Requires understanding afathematical conceptse.g. convergence.
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Verification test formulation W

A Formulating a verification test can present a numbecludillenges

U Requireanterest/involvementfrom component developers.
U Requires knowledge a¥hat is in the code.
U Requires understanding ofathematical conceptse.g. convergence.

A Ideally tests would be written as codebising developede.g., SCREAM)

A Tests should bemall (subroutine, kernel, small set of kernels).

A Examples of whaSa verification test

U Checkmathematical propertiegconvergence rate, divergence free,
conservation of mass, etc.), compare to theory.

A Examples of whaiS NOTR verification test:
U Perform a run and compare tmbservational data(this isvalidation!).
U Arbitrary parameter tuningsto match expected data/solution.

A Once test is formulatedest drivermust be created, which can be done
by hand or using availabléools, e.g.kgen




Running the testcmdwtest-runner ) =

Laboratories

A Pythonbased tool to discover, build, run, pestocess verification tests

U Discovers tests in current directory
U Compiles and runs tests according to workflow file
U Reports results

One step workflow executing one command:
Jcmdwtest-runner --test mam_ box.verification.test.yaml

v1.0
Test-Workflow

MAM BOX verification config

Sample inpuyamilfile:
File mam_box.verification.test.yaml

coag_rate.out

U Can be executed within
Docker container.

Documentation and examples

can be found here:

https://qithub.com/E3SM
Project/CMDMesting/wiki



https://github.com/E3SM-Project/CMDV-testing/wiki

Automation of test executlom(orVJenklns)
and results archivalDaslh

A Execution of tests can mtomated usingcronor Jenkins. J enklns

A We have createdron/Jenkins jobson NERSC, ANL, SNL machines that run

cmdwtest-runner (selftests, MAM water uptake tests) nightly and post results
to the ACME Climat€Daslsite. coush

ool sed des-gnmanage nd

U FEuture work extend workflow to automatically run and l O

post-to-CDasladditional test results.

¢ o ® @ https;//my.cdash.org/index.php?project=ACME_Climate N o @

EXSl - ACME_Climate

Experimental 18 builds [view timeline]

Site Build Name Revision Error Warn ¥ Error Warn Not Run ¥ Fail ¥ P: Start Time ¥
—> mam-box-water-uptake D edison-Release 54f21b 0 0 0 0 0 1 4 minutes ag:
—» cmdv-test-runner O edison-Release c1c306 0 0 0 0 1 17 minutes ag
melvin ) e3sm_developer_master_gnu 0 0 0 0 40 13h g
—> jenkins-bebop ) jenkins-bebop-Release b754f5 0 0 0 0 0 0 1 15 hi g



https://my.cdash.org/index.php?project=ACME_Climate

Automation of test executionc(or/Jenkins)
and results archivalDaslh

™8 show Command Line
W Display graphs: | Test Time v %
View Graph Data as JSON \

1200

I Execution Time (seconds
Bl Acceptable Range

1000 =, omomg \E’SM ACME Climate Dashboard Up Project
: ‘ & =

800

Test: mam_box_ctest (Pass
Build: edison-Release (mam-box-water-uptake) on 2019-11-12 05:30:08

5008 I Repository revision: 497debc39ede5b1a645ba828c9164a50831e6a74
W [ Test Details: Completed
- O =

" Processors 1

O 240ms

200 | M Hide Command Line

\ /global/lcommon/sw/cray/cnl7/haswell/cmake/3.14.4/gcc/8.2.0/2hef55n/bin/cmake -
DTEST_PROG=/global/u2/Vikalash/CMDV/nightlyCDashMam/build/Build/src/water_uptake_verification_test.exe" "-
DTEST_ARGS="""-P" "/global/u2/Vikalash/CMDV/nightlyCDashMam/build/Build/tests/runtest. cmake"

Oct 22 Oct 25 Oct 28 Oct 31 Nov 03 Nov 06 Nov 09 Nov 12

th' Display graphs: | Select .. v
Test output
W i G (i Running the command:

e ———— /global/u2/i/ikalash/CMDV/nightlyCDashMam/build/Build/src/water_uptake_verification_test.exe ""
Display graphs: | Failing/Passing v |
View Graph Data as JSON

. S [P | PRl ] | e B | Pl B iy Output number of passed test...

ol Mode = 1, # of pass = 144, expected # of pass = 144
Mode = 2, # of pass = 144, expected # of pass = 144
Mode = 3, # of pass = 144, expected # of pass = 144
Mode = 4, # of pass = 144, expected # of pass = 144
PASS

Comparison passed! result =1

https://my.cdash.org/index.php?
project=ACME_Climate
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https://my.cdash.org/index.php?project=ACME_Climate

Documentation/postprocessing:

Jupytemotebooks

A Common tool fomwriting documentationand post-processing/regenerating
verification results.

Documentationto new/existing users of various E3SM componentd

template for writing verification/unit tests.

The following can bembeddedwithin aJupytemotebook:

u

(G G-l e e

LaTex
Python
Matlab
Julia

X

MAM Coagulation Verification Test

Component Being Tested

Atmosphere, Modal Aerosol Model physics, Goagulation time-stepping

Description

Aerosol Modes

‘The Modal Aerosol Model (MAM) tracks aerosol particles via modes, so that a single distribution of ps
over a range of diameters can be described by just three terms: a total number concentration, a medf

is given by

anda 1 of particles of diameter D, for the ith|

100D~

N
InD;) = ———
D) = i &P [ 27 Wy

where N, is the total number concentration, o s the standard deviation, and Dy is the median
diameter. The subscript ¢ denotes a geometric quantiy, i denctes the ith mode, and MAM tracks
modes. Note that this equation is alte difierent than a standard norma distribution, in that the ran
variable is the In D; rather than D isel. Similarly, the effective mean is In Dy and the effective stal
deviation is In 7 s

mode, for a total + = 10°, a median dia

Deni = 0.2x 10~°m, and a standard deviation . ; = 1.8m, the mode would look like this:

m (1)

# Inport packages:
import numpy

import matplotlib.pyplot as plt
import mam_util

£rom import. )
from imp import reload # This is python 2/3 compatible

In [6]

# Second plotting example from verification test 2 (MAM time-spiit vs
RK4)

reload (mam_util )

from ResultReporter  import  ResultWiter
™ = ResultWiter (“coag_results.log”

conv_rates = numpy. zeros (( 10, 12))

# Plot the efror (comparing dt=225,450,900,1800 to dt=1)
IC in
conv_rates [IC-1,] = mam_uti . plot_errors_test2
. 1c)
for i in range (conv_rates . shape [1]
testname = 'IC= %d
it conv_rates [IC-1,i]
# This happens when errors are machine zero
test_name  += *, TINY errors"
w. report_test_passed  (test_name )

else
# Convergence rate s finite, check that itis sufficient!

y large

tes_name += " slope= % 9% conv_rates
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(figure_size , res

(1)
%' % (IC, result [‘ordered errors” [ i
0

ric-1,i

. slo 1
. Teport test  (test_name , conv_rates [IC-1,i] > 08)

. finished ()
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